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Disentangling the effect of size and competition:
a growth model for Aucoumea klaineana
Detailed description of study sites
Oyan. This site is located in the coastal range of okoume in Gabon (0◦20’S, 9◦20′E), in
a forest-savanna mosaic (Nasi, 1997; Fuhr et al, 1998a,b, 2001). Average rainfall is 1745
mm yr−1 (average between 1990 and 1997). The relief is flat or gently undulating. Soils
are classified as ferralic cambisols and are very poor and unsaturated. They originate from
sandy material, with a texture varying from sandy at the surface to clayey sand more
deeply. Between 1987 and 1990, 34 permanent sample plots were settled in monodominant
even-aged okoume stands. The areas of the plots ranged from 0.38 to 1.5 ha (total area:
22 ha). Fifteen plots were thinned or logged in 1989–1990, whereas 19 plots were left as
control. The ages of the stands were determined in 1989 using dendrochronology (Rivie`re,
1992). All trees with dbh ≥ 10 cm were identified and spatially located within the plots.
Smaller okoumes were also monitored in the youngest plots. Once a year, their dbh
was measured, and their social status (dominant, codominant or suppressed) was noted.
The last measurement took place in 1998. In total, 21,962 trees have been surveyed at
Oyan, belonging to 137 species. Okoume is largely the most abundant species (72% of
the number of stems and 85% of the basal area), followed by Xylopia aethiopica (Dunal)
A.Rich. and Sacoglottis gabonensis (Baill.) Urb.
Ngouha 2. This site is located in the Massif du Chaillu mountain range in southern
Congo (2◦56’S, 12◦43’E). Average rainfall is 1645 mm (average between 1981 and 1989)
and average temperature is 25.1◦C. The site is located in a mountainous area with ele-
vations that reach 600 m, although the plots were set up on a plateau with a moderate
relief. Soils are strongly unsaturated ferralitic soils with some areas more clayey. Perma-
nent sample plots were established in Ngouha 2 following a protocol very similar to that
of Oyan (Croise´ and Fabbri, 1991; Teillier, 1994). Between 1988 and 1991, fourteen 1-ha
plots were settled in monodominant even-aged okoume stands. Two plots were thinned
in 1989, whereas 12 plots were left as control. All trees with dbh ≥ 10 cm were identified
and spatially located within the plots. Once a year, their dbh was measured, and their
social status (dominant, codominant or suppressed) was noted. The last measurement
took place in 1992. In total, 7,890 trees have been surveyed at Ngouha 2, belonging to
56 species. Okoume is largely the most abundant species (44% of the number of stems
and 56% of the basal area), followed by Xylopia aethiopica and Pentaclethra eetveldeana
De Wild. & T.Durand.
Moyabi/Leke. This site is located in southeastern Gabon, in a forest concession (1◦18′–
1◦54′S, 13◦13′–13◦47′E). Annual rainfall is in the range 1800–2000 mm. The relief consists
of a mosaic of hills with marked slopes and of small residual fragmented plateaus. Climate
1
2is transitional equatorial. The geological formation mainly consists of a Precambrian
African basement with granite, with an alternation of sandstone from the Francevillian
system. Soils are ferralitic clayey-sandy or clayey soils. In 2003–2004, seven 1-ha plots
were settled using the same protocol as in the Haut-Abanga. The seven plots were
remeasured three years later. In total, 3383 trees belonging to 215 species were surveyed.
The two most abundant species were okoume (27.6% of the basal area) and Centroplacus
glaucinus Pierre.
Lope´. This site is located in the northern part of the Lope´ National Park (0◦04’S,
11◦30’E), in a forest-savanna mosaic (White, 1992; White et al, 1995). Lope´ has the
lowest rainfall in Gabon, with an average rainfall of 1474 mm (average between 1984 and
2004) and an average temperature of 25.9◦C. The relief consists to the South of a chain of
convex hills dominated by the Okanda chain (450–850 m in height). This chain continues
to the South where it reaches its highest point of about 900 m. The North part is a former
lake basin that was opened when the Ogooue´ river went through the Okanda chain. In
1989, five 5 km long transects were settled. The width of the transects depended on the
dbh of the trees: trees with 10 ≤ dbh < 70 cm were inventoried as far as 2.5 m from the
transect line (thus a width of 5 m), whereas trees with dbh ≥ 70 cm were inventoried as
far as 25 m from the transect line (thus a width of 50 m). One of the transect (transet
n◦2) was remeasured in 1994, 2001, and 2008. In this study, this transect was partitioned
into five 0.5 ha plots. In total, 1,082 trees have been surveyed in this transect, belonging
to 90 species. Okoume is the dominant species in the transect (24% of the basal area),
followed by Cola lizae N. Halle´ and Lophira alata Banks ex C.F.Gaertn., but is only
ranked third for the number of stems (7%) after Cola lizae and Lophira alata.
Haut-Abanga. This site is located at the eastern piedmont of the Monts de Cristal
mountain range, in a forest concession (0◦32′–0◦44′N, 10◦53′–11◦10′E). The relief consists
of hills with a gradient of slopes from the East-Centre (gentle slopes) to the West (steep
slopes). Climate is equatorial, with an annual rainfall that varies between 1800 and
2000 mm depending on slope aspect, and a mean annual temperature between 24 and
26◦C. The geological formation consist of an Archean basement with metamorphic and
granitic rocks. Soils are ferralitic sandy-clayey or clayey soils. Vegetation is dominated
by Burseraceae, Myristicaceae, Cesalpiniaceae and Euphorbiaceae. In 2000, seven 1-ha
plots were settled. All trees with dbh ≥ 10 cm were measured, identified and tagged.
The seven plots were remeasured in 2003 and 2006. In total, 3133 trees belonging to
261 species were surveyed. The two most abundant species were Santiria trimera (Oliv.)
Aubre´v. and Anonidium mannii (Oliv.) Engl. & Diels, whereas okoume accounted for
3.9% of the number of stems and 13.8% of the basal area.
Ogooue´-Ivindo. This site is located at the West of the Ivindo National Park, in a
forest concession (0◦11′S–0◦25′N, 12◦03′–12◦20′E). The relief consists of flat elongated
hills. Climate is a transitional equatorial climate with an annual rainfall between 1400
and 1900 mm, and a mean annual temperature between 23 and 26◦C. The geological
formation consist of a Precambrian African basement with quartz-diorites. Soils are
poor typical ferralitic soils. In 2001–2002, seven 1-ha plots were settled using the same
protocol as in the Haut-Abanga. Four of the plots were remeasured four years later. In
total, 2359 trees belonging to 236 species were surveyed. The two most abundant species
3were Plagiostyles africana (Mu¨ll.Arg.) Prain and Scorodophloeus zenkeri Harms, whereas
okoume accounted for 2.5% of the number of stems and 11.8% of the basal area.
Mbe´. This site is located in the southern part of the Monts de Cristal National Park
(0◦28’N, 10◦17’E). Average annual rainfall is between 2000 and 3500 mm (depending on
slope aspect) and average temperature is 26◦C. The site is located in a mountainous area
with elevations that reach over 900 m (highest point: 925 m), on a Precambrian African
basement consisting of granite and gneiss. Vegetation is dominated by Burseraceae,
Euphorbiaceae and Caesalpiniaceae (Sunderland et al, 2004). In 2004, five 1-ha plots
were settled. All trees with dbh ≥ 10 cm were identified and spatially located within
the plots. The five plots were remeasured in 2009. In total, 2,913 trees belonging to
208 species were surveyed. The two most abundant species were Santiria trimera (Oliv.)
Aubre´v. and Dichostemma glaucescens Pierre, whereas okoume accounted for 1.6% of
the number of stems and 7.5% of the basal area.
Diameter distribution in the study sites
The diameter distributions in the seven study sites visually conformed to an exponential
distribution (Figure S1). The overall diameter distribution conformed to an exponential
distribution with parameter 0.065 cm−1, with a range from 0.052 cm−1 to 0.078 cm−1
across sites.
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Fig. S1: Histogram of the counts of trees (ha−1) in 29 diameter classes with a constant
width of 5 cm, starting from 10 cm (except the last class that gathers all trees
≥ 150 cm dbh).
4Mean-field approximation of distance-dependent competition indices
Let C be a distance-dependant competition index, that is a competition index that de-
pends on the local spatial neighbourhood of a tree. Let R be the radius of this competition
neighbourhood. As R→∞, the index C converges towards its mean-field approximation
(Morozov and Poggiale, 2012; Picard and Franc, 2001). The mean-field approximation is
a technique inherited from statistical physics to simplify a spatially explicit model into a
non-spatial model; it is the simplest development of the moment equation method (Bolker
and Pacala, 1997; Law and Dieckmann, 1999). The mean-field approximation consists in
considering that all trees experience the same average competitive neighbourhood. It is
obtained by taking the spatial average of the competition index while assuming that there
is no spatial structure in the forest, which means: (i) trees are located at random, and
(ii) the position of a tree is independent of its diameter (random labelling hypothesis).
If C is the number of trees greater than the subject tree at a distance less than R
from it:
Ci =
M∑
k=1
I(Dk > Di) I(‖xk − xi‖ ≤ R)
where i is the label for the subject tree, M is the number of trees in the forest stand, Dk
is the diameter of the kth tree, xk is the spatial location of the kth tree, and I(p) is the
indicator function of proposition p (= 1 if proposition p is true, and 0 otherwise). The
mean-field approximation of C is:
Cmf =
M∑
k=1
〈I(Dk > Di) I(‖xk − xi‖ ≤ R)〉
where 〈·〉 denotes the spatial average. As the indicator function I equals 0 or 1, and
interpreting the spatial average as the expectation over all possible realizations of an
ergodic spatial point process, this may be rewritten as:
Cmf =M Pr(D > D
′ and ‖x′ − x‖ ≤ R)
where D is the diameter of the subject tree located at x, and D′ is the diameter of a
randomly chosen tree with spatial location x′. The random labelling hypothesis enables
one to write: Pr(D > D′ and ‖x′ − x‖ ≤ R) = Pr(D > D′) × Pr(‖x′ − x‖ ≤ R). By
definition, Pr(D > D′) equals 1 − F (D), where F is the distribution function of the
diameter distribution. By definition too, M Pr(‖x′− x‖ ≤ R) is the the average number
of trees at a distance less than R from a subject tree and equals N ×K(R), where N is
the stand density (number of individual trees per hectare) and K is Ripley’s K-function
(Ripley, 1981). When tree are located at random, K(R) = piR2. Hence,
Cmf = piR
2 ×N [1− F (D)]
which shows that, up to a multiplicative constant that is independent of the stand char-
acteristics, Cmf identifies with N [1− F (D)].
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